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Experimental details 

Crystallization and crystal soaking 

 Heterologous protein production of NcPMO-2 from Pichia pastoris host, 

crystallization and data collection methods used are described elsewhere by O’Dell et 

al.  Protein was crystallized for these studies as expressed with respect to the bound 

metal ion.  X-ray fluorescence scans of crystals from “as expressed” protein, Figure S7, 

showed an edge centered at 8984 electron volts (eV) corresponding to copper(I) which 

can be attributed to the facile photoreduction of the copper ion in X-ray fluorescence 

studies.[S1]  (Scans near absorption edges of other metals were not performed.)  The 

crystallization behaviors of metal-exchanged forms of NcPMO-2 were used to confirm 

further that the active site of the crystallized protein predominantly contains a copper ion 

as opposed to nickel or zinc which have been observed in other AA9 LPMO 

structures.[S2, 3]  Apo-NcPMO-2 was prepared by treating the protein with agarose-

immobilized nitrilotriacetic acid.[S4, 5]  Reconstituting the metal coordination site by 

diluting apo-NcPMO-2 to a 100-fold molar excess of 10 mM CuCl2 in 20 mM 

Na(CH3COO-), incubation for two hours, concentration and chromatographic desalting 

resulted in Cu holo-NcPMO-2 with identical crystallization behavior of the “as 

expressed” protein.  Reconstituting apo-NcPMO-2 with either 10 mM NiSO4 or 10 mM 

ZnCl2 yielded holo-NcPMO-2 which would not crystallize under the precipitant and pH 

conditions used to crystallize “as expressed” NcPMO-2 for this study. 

 For ascorbate-treated structures, crystals were harvested and transferred to a 

soaking solution containing 100 mM HEPES, 100 mM ascorbic acid pH = 6.0 and 25% 
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(wt./vol.) PEG 3350. Crystals were incubated at room temperature for two hours prior to 

flash freezing for data collection. All crystal manipulations were conducted in air. 

 

Model refinement 

 X-ray diffraction intensities and starting atomic coordinates derived from PDB 

4EIR were used for molecular replacement with Phaser as implemented in PHENIX.[S6-

8] Automated structure rebuilding of the resulting model by PHENIX AutoBuild was used 

to minimize phase bias from the replacement model.[S9] Models were refined against 

X-ray data using phenix.refine.[S10] For PDB 5TKI neutron data were added to the 

model after several rounds of refinement against the X-ray data so that the model was 

jointly refined against X-ray data for heavy atoms and neutron data for hydrogen and 

deuterium atoms.[S11]  The conformation and protonation state of His157 was 

determined by refining single N protonated, single Nε protonated and double N,Nε 

protonated forms against the neutron scattering length density in the two sidechain 

conformations that could be fitted to the electron density.  (Here, “protonated” refers to 

100% occupancy of 2H due to the 1H/2H exchange of the protein crystal prior to neutron 

and X-ray diffraction measurement.)   

 Dataset and final refinement statistics shown for all models in Tables S1 and S2 

were calculated using phenix.table_one.[S12]  The precision of atomic coordinates in 

the models 5TKG (0.030 Å average) and 5TKH (0.035 Å average) were estimated by 

evaluating the Cruickshank diffraction precision index for the model as implemented in 

the web server Online_DPI.[S13-15]  Selected coordinate precision estimates are 

reported in Tables S3 and S4.  Simple omit maps for the dioxygen species observed in 
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5TKG and 5TKH were calculated by removing the oxygen atom proximal to copper, 

distal to copper or both oxygen atoms and calculating FO–FC difference electron density.  

Positive contours of the FO–FC density extending for 10.0 Å around the omitted atoms 

are shown in Fig. S1. 

 

Multiple sequence alignment 

 Amino acid sequences of the crystallized portions of AA9 LPMOs Neurospora 

crassa PMO-2, Neurospora crassa PMO-3, Neurospora crassa LPMO9-F, Neurospora 

crassa LPMO9-C, Lentinus similis (AA9)-A, Phanerochaete chrysosporium GH61-D, 

Thermoascus aurantiacus GH61-A, Thelavia terrestris GH61-E and Trichoderma reesei 

CEL61B were obtained from PDB entries 5TKG, 4EIS, 4QI8, 4D7U, 5ACF, 4B5Q, 

2YET, 3EII, and 2VTC, respectively. Multiple sequence alignment was performed with 

the T-coffee server, and results were formatted using ESPript.[S16, 17] 

 

Density functional theory calculations 

 The three active site models (ASMs) used for DFT calculation were derived by 

extracting coordinates from the resting state X-ray structure (PDB 5TKG) including 

residues His1, His84, His157, Gln166 and Tyr168 along with the active site copper(II) 

ion, pre-bound molecular O2 and the axial and equatorial water molecules as shown in 

Fig S3. To reduce the total number of atoms in the ASMs, residues His84, His157, 

Gln166 and Tyr168 were truncated at Cβ which was modeled as a methyl group. DFT 

calculations were performed with Gaussian 09 using the uB3LYP functional with the 6-

31g** basis set applied to all atoms.[S18] The model was implicitly solvated using the 
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polarizable continuum model as implemented in Gaussian 09 with a dielectric constant 

of 4.24. For geometry optimization, the coordinates of one heavy atom per residue, 

indicated by a star in Figure S3, were constrained to their starting values to maintain the 

relative conformation imposed by the protein backbone. Molecular O2 “pre-binding” 

energies were estimated by the difference between two forms of each ASM:  one with 

molecular O2 occupying the pre-binding site and the other with molecular O2 moved to a 

distance >10 Å from other atoms in the model and the pre-binding site left vacant.   
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Table S1.  X-ray and neutron crystallographic data statistics. 

PDB ID 5TKG 5TKH 5TKI 5TKI 

Incident Radiation X-ray X-ray X-ray Neutron 
Wavelength (Å) 1.00 1.00 1.54 2.85-4.50 

Resolution range (Å) 28.73 – 1.20 

(1.24 – 1.20) 

31.82 – 1.20 

(1.243 – 1.20) 

36.10 – 1.50 

(1.55 – 1.50) 

32.87 – 2.12 

(2.19 – 2.12) 

Space group P 1 21 1 P 1 21 1 P 1 21 1 P 1 21 1 

Unit cell (a, b, c) (Å) 
(α, β, γ) (°) 

67.35, 42.21, 69.48  

90, 98.96, 90 

67.17, 42.24, 69.37  

90, 98.65, 90 

68.12, 42.23, 70.29 

90, 98.33, 90 

68.12, 42.23, 70.29 

90, 98.33, 90 

Total reflections 228097 (21939) 227779 (22042) 224095 (20772) 31698 (2251) 

Unique reflections 117125 (11360) 115269 (11178) 58482 (5409) 18141 (1381) 

Multiplicity 1.9 (1.9) 2.0 (2.0) 3.8 (3.8) 1.7 (1.6) 

Completeness (%) 97.0 (94.6) 95.7 (93.4) 90.2 (80.3) 79.0 (61.0) 

Mean intensity/sigma(intensity) 7.21 (4.18) 5.86 (4.23) 13.8 (4.2) 4.9 (3.6) 

Wilson B-factor (Å2) 8.77 8.37 16.04 8.08 

Rmerge 0.0732 (0.1512) 0.1091 (0.1416) 0.0540 (0.3406) 0.1277 (0.1903) 

Rmeas 0.1034 (0.2138) 0.1543 (0.2003) 0.0633 (0.3963) 0.1806 (0.2691) 

CC1/2 0.982 (0.897) 0.950 (0.895) 0.999 (0.892) 0.926 (0.754) 
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Table S2.  X-ray and neutron model refinement statistics. 

PDB ID 5TKG 5TKH 5TKI (X-ray) 5TKI (neutron) 

Reflections used in refinement 117101 (11354) 115249 (11177) 57483 (5061) 18134 (1381) 

Reflections used for R-free 1997 (202) 1992 (203) 1967 (174) 630 (54) 

R-work 0.1142 (0.1275) 0.1279 (0.1174) 0.1476 (0.2550) 0.2142 (0.3143) 

R-free 0.1399 (0.1650) 0.1540 (0.1619) 0.1790 (0.2901) 0.2508 (0.3562) 

CC(work) 0.977 (0.964) 0.953 (0.956) 0.980 (0.893) 0.886 (0.485) 

CC(free) 0.968 (0.926) 0.912 (0.960) 0.980 (0.837) 0.830 (0.105) 

Number of non-hydrogen atoms 4699 4503 3841 3841 

  Macromolecules 3705 3578 3404 3404 

  Ligands 73 62 58 58 

  Solvent 921 863 379 379 

Protein residues 446 446 446 446 

RMS(bonds) 0.009 0.008 0.015 0.015 

RMS(angles) 1.18 1.10 1.45 1.45 

Ramachandran favored (%) 97.0 96.0 96.0 96.0 

Ramachandran allowed (%) 2.9 2.9 2.7 2.7 

Ramachandran outliers (%) 0.23 0.68 0.9 0.9 

Rotamer outliers (%) 1.7 1.3 2.4 2.4 

Clash score 2.01 1.67 4.40 9.99 

Average B-factor 14.44 13.66 21.54 21.54 

  Macromolecules 11.30 10.89 20.04 20.04 

  Ligands 23.56 22.02 36.09 36.09 

  Solvent 26.34 24.53 32.75 32.75 
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Table S3.  Copper–ligand distances and selected atomic displacement factors in the 
resting state active site structure (PDB 5TKG). 
 

 Molecule A Molecule B 

Atomic displacement factor (Å2)a   
 copper(II) ion 8.40 7.44 
 equatorial water 13.68 12.25 
 axial water 17.33 16.06 
 pre-bound oxygen 19.68 18.85 
   
Occupancies    
 copper(II) ion 1.00 1.00 
 equatorial water 1.00 1.00 
 axial water 1.00 1.00 
 pre-bound oxygen 0.49 0.57 
   
Coordinate error (DPI estimate)b (Å)   
 copper(II) ion 0.023 0.021 
 equatorial water 0.029 0.027 
 axial water 0.032 0.031 
 pre-bound oxygen (O1, O2) 0.035, 0.035 0.034, 0.034 
   
Distances (Å)   

 Cu–H1-N 1.96 1.96 

 Cu–H1-Namino 2.13 2.09 
 Cu–H84-Nε 2.00 1.99 
 Cu–Y168-OH 2.64 2.59 
 Cu–H2Oequatorial 2.00 1.96 
 Cu–H2Oaxial 2.44 2.36 
 Cu–O1 4.61 4.91 
 O1–O2 1.21 1.20 
a.  All non-hydrogen atoms in the model were refined with anisotropic atomic 
displacement parameters.  Converted isotropic B-factors are shown here. 
b.

  diffraction precision index 
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Table S4.  Copper–ligand distances and selected atomic displacement factors in the 
ascorbate-treated active site structure (PDB 5TKH). 
 

 Molecule A Molecule B 

Atomic displacement factor (Å2)a   
 copper(II) ion 8.39 9.07 
 equatorial water -- 34.60 
 axial water 28.14 29.21 
 peroxide 18.98 -- 
 pre-bound oxygen -- 26.27 
   
Occupancies (%)   
 copper(II) ion 1.00 1.00 
 equatorial water -- 0.60 
 axial water 0.48 0.34 
 peroxide 0.59 -- 
 pre-bound oxygen -- 0.60 
   
Coordinate error (DPI estimate)b (Å)   
 copper(II) ion 0.027 0.028 
 equatorial water -- 0.055 
 axial water 0.050 0.051 
 peroxide (O1, O2) 0.041, 0.041 -- 
 pre-bound oxygen (O1, O2) -- 0.048, 0.048 
   
Distances (Å)   

 Cu–H1-N 1.93 1.95 

 Cu–H1-Namino 2.19 2.20 
 Cu–H84-Nε 1.97 1.90 
 Cu–Y168-OH 2.66 2.73 
 Cu–H2Oequatorial -- 2.06 
 Cu–H2Oaxial 2.36 2.23 
 Cu–O1 1.90 3.57 
 O1–O2 1.44 1.20 
a.  All non-hydrogen atoms in the model were refined with anisotropic atomic 
displacement parameters.  Converted isotropic B-factors are shown here. 
b.

  diffraction precision index 
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Figure S1.  Electron density FO–FC omit maps for oxygen species in untreated and 
ascorbate-treated X-ray models.  Panels A-B show NCS molecules A and B of 5TKG 
(resting state) with omit density calculated for molecular oxygen.  Panels C-D show 
NCS molecules A and B of 5TKH (ascorbate treated) with omit density calculated for 

peroxide and molecular oxygen.  Omit maps are contoured at  = 3.5 with density 
(positive FO–FC contours) from omitting both oxygens, the proximal oxygen and the 
distal oxygen shown in blue, red and green, respectively.  Maps extend 10.0 Å radially 
around the omitted oxygen atoms. 
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Figure S2.  Superposition of copper–dioxo model (PDB 5TKH) with PDB 4EIR.  Panel A 

shows PDB 5TKH NCS molecule A superimposed with PDB 4EIR NCS molecule A 

(orange) along with the identity of the oxygen species in the respective models and the 

Cu–O1 distance.  Panel B shows the same comparison for PDB 4EIR NCS molecule B 

(purple). 
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Figure S3.  Multiple sequence alignment of AA9 proteins with known crystal structures.  
Sequences are identified by PDB and Uniprot accession codes.  Strictly conserved 
resides are highlighted in red, and highly conserved resides are highlighted in yellow.  
Residues discussed in the main text are denoted by a star. 
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Figure S4.  Fits of His157 conformational and protonation states with observed neutron 

scattering length density.  Six forms of His157 were refined for both NCS molecules.  

(NCS molecule A is shown.)  Neutron scattering length density (SLD) is shown in gray 

as 2FO–FC maps contoured at  = 1.0.  Positive and negative excess neutron SLD from 

FO–FC maps contoured at  = 2.5 is shown in green and red, respectively.  The form 

shown at upper left was used in the joint X-ray/neutron refined model (PDB 5TKI). 
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Figure S5.  Geometry optimized DFT active site models and the same superimposed 

with NCS molecule B resting state active site structure (PDB 5TKG).  For the 

superimposed structures, the active site models are colored in magenta. Panel A-B:  

“neutral” active site model.  Panel C-D:  “positive” active site model.  Panel E-F:  

“neutral, flipped” active site model. 
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Table S5.  Atomic coordinates of geometry optimized DFT active site models. 

  neutral, flipped positive neutral 
residue atom X y z x y z x y z 

His1 N -2.38986 -0.69716 1.61173 2.36208 -0.66290 -1.61145 -2.11943 -1.43018 1.81345 
His1 H2 -2.22257 0.29737 1.44727 2.27782 0.34053 -1.44547 -1.96529 -0.46293 2.10000 
His1 H3 -2.27977 -0.82816 2.61709 2.05805 -0.80800 -2.57416 -1.92213 -1.97729 2.65354 
His1 CA -3.81072 -0.98818 1.28475 3.80215 -1.00963 -1.50661 -3.55431 -1.62007 1.46452 
His1 HA -4.00859 -0.59507 0.28575 4.21398 -0.46091 -0.65719 -3.84198 -0.83363 0.76428 
His1 H -4.46188 -0.46536 1.99203 4.32641 -0.67366 -2.40682 -4.16938 -1.51915 2.36381 
His1 CB -4.08216 -2.49356 1.33212 4.01672 -2.51396 -1.30652 -3.77215 -2.99529 0.82754 
His1 HB1 -3.72929 -2.89832 2.29132 3.47942 -3.06967 -2.08677 -3.35911 -3.76815 1.49024 
His1 HB2 -5.16135 -2.66392 1.30371 5.07836 -2.74003 -1.43774 -4.84467 -3.19220 0.75768 
His1 CG -3.44471 -3.20118 0.17938 3.58520 -2.94803 0.05801 -3.16917 -3.08655 -0.54002 
His1 CD2 -3.98001 -4.10987 -0.69341 4.25372 -3.66832 1.01166 -3.71914 -3.55276 -1.70413 
His1 HD2 -4.95741 -4.56154 -0.74456 5.22727 -4.13120 1.00871 -4.68740 -3.97668 -1.91604 
His1 ND1 -2.13881 -2.93457 -0.21020 2.35653 -2.56729 0.57770 -1.88224 -2.63773 -0.81499 
His1 CE1 -1.90023 -3.66386 -1.29676 2.28991 -3.04152 1.81748 -1.66877 -2.83335 -2.11529 
His1 HE1 -0.98781 -3.66236 -1.86802 1.46758 -2.89628 2.49809 -0.77217 -2.56982 -2.65110 
His1 NE2 -2.98747 -4.39018 -1.60869 3.41646 -3.71777 2.10753 -2.75610 -3.38772 -2.67666 
His1 HE2 -3.06710 -5.01483 -2.39953 3.61672 -4.17136 2.98824 -2.84841 -3.63368 -3.65331 
His84 CB 1.77894 1.76665 4.17943 -2.08016 1.50860 -4.01065 1.99450 1.90998 3.45482 
His84 HB1 2.65120 1.42845 4.74869 -2.17045 1.07862 -5.01355 1.89623 1.93966 4.54458 
His84 HB2 0.93541 1.84011 4.86808 -1.37139 2.33675 -4.06146 1.37040 2.70043 3.03490 
His84 H 1.99629 2.7718 3.80289 -3.05906 1.91372 -3.73304 3.03677 2.13449 3.20546 
His84 CG 1.44659 0.83251 3.07244 -1.60428 0.49344 -3.02474 1.57989 0.59298 2.90355 
His84 CD1 0.31440 0.11216 2.80832 -0.47582 0.43184 -2.24994 0.65810 0.26545 1.94755 
His84 HD1 -0.57654 0.07381 3.41260 0.31354 1.16464 -2.18655 0.03697 0.92911 1.36916 
His84 ND2 2.30227 0.5369 2.02865 -2.29488 -0.66894 -2.72481 2.12533 -0.61626 3.29227 
His84 HD2 3.23819 0.89985 1.88360 -3.17606 -0.95557 -3.12980 2.84194 -0.74276 3.99548 
His84 CE1 1.68827 -0.31355 1.18593 -1.59095 -1.38075 -1.81711 1.54313 -1.61182 2.59121 
His84 HE1 2.15850 -0.66865 0.28751 -1.91995 -2.31488 -1.38831 1.79590 -2.65335 2.71039 
His84 NE2 0.46612 -0.59857 1.62508 -0.46958 -0.74115 -1.51006 0.64211 -1.10613 1.75764 
His157 CB 7.23766 1.78495 1.45161 -7.35610 1.33663 -0.95981 6.83194 2.83725 -0.13862 
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  neutral, flipped positive neutral 
residue atom X y z x y z x y z 

His157 HB1 7.42337 1.33241 2.43169 -7.17452 1.78390 -1.94256 6.46984 3.61058 0.54743 
His157 HB2 6.87685 2.80284 1.61126 -7.69350 2.13196 -0.28721 6.75757 3.24154 -1.15394 
His157 H 8.19699 1.84588 0.92676 -8.16761 0.61435 -1.06114 7.88701 2.65715 0.07794 
His157 CG 6.23347 1.00781 0.66469 -6.14124 0.66140 -0.43717 6.04697 1.56566 0.00432 
His157 CD2 5.02149 1.34887 0.10781 -5.90020 -0.63819 -0.08306 6.53810 0.33089 0.35384 
His157 HD2 4.54106 2.31781 0.11791 -6.56063 -1.49035 -0.09558 7.53644 -0.00122 0.59149 
His157 ND1 6.40773 -0.31769 0.31660 -4.94306 1.32558 -0.22011 4.67244 1.46690 -0.20434 
His157 HD1 7.20562 -0.89158 0.55320 -4.78591 2.31427 -0.36610 -- -- -- 
His157 CE1 5.33417 -0.71623 -0.41525 -4.02459 0.46161 0.24383 4.36693 0.19974 0.01729 
His157 HE1 5.23689 -1.71728 -0.80808 -3.00062 0.70410 0.49047 3.37851 -0.22881 -0.05858 
His157 NE2 4.46618 0.26869 -0.56372 -4.59026 -0.73573 0.33615 5.45904 -0.52707 0.35905 
His157 HE2 -- -- -- -4.03054 -1.66235 0.61698 5.48586 -1.51677 0.55535 
Gln166 CB 0.55719 3.92806 -2.52961 -0.49949 3.72088 2.60619 -0.70692 3.95878 -2.84437 
Gln166 HB1 0.08141 4.68934 -3.15259 -0.40952 4.66098 3.15588 -1.11576 4.36618 -3.77147 
Gln166 HB2 1.56932 4.26870 -2.29229 -0.99570 3.93047 1.65507 -0.30438 4.79049 -2.25999 
Gln166 H -0.01214 3.85176 -1.60022 0.50916 3.36153 2.39625 -1.53182 3.51011 -2.29313 
Gln166 CG 0.58291 2.58317 -3.28237 -1.29394 2.71322 3.44042 0.39092 2.93570 -3.18870 
Gln166 HG1 -0.43585 2.25997 -3.51066 -0.76338 2.48616 4.37392 -0.05000 2.09089 -3.73072 
Gln166 HG2 1.12080 2.69406 -4.22899 -2.26005 3.13424 3.74357 1.12232 3.39619 -3.85722 
Gln166 CD 1.23078 1.50111 -2.44610 -1.55783 1.39155 2.73945 1.10331 2.35275 -1.98521 
Gln166 NE2 2.54476 1.31728 -2.57603 -2.39700 0.53382 3.32784 2.39823 2.57987 -1.85632 
Gln166 HE21 3.06406 1.88312 -3.23192 -2.82086 0.75002 4.21842 2.86918 3.13490 -2.55780 
Gln166 HE22 3.09010 0.75144 -1.91163 -2.58400 -0.38039 2.90735 3.00585 2.21861 -1.10324 
Gln166 OE1 0.54639 0.83307 -1.62363 -1.02533 1.10983 1.63330 0.47262 1.63972 -1.12817 
Tyr168 CB -5.08149 5.25240 0.81138 4.84070 5.27883 -1.10414 -5.79294 4.36090 1.47791 
Tyr168 HB1 -5.08548 6.09622 0.11080 5.01011 6.04570 -0.33834 -6.07377 5.18337 0.80181 
Tyr168 HB2 -4.64160 5.60806 1.74746 4.37047 5.77280 -1.95920 -5.41609 4.81884 2.39538 
Tyr168 H -6.12621 4.99070 1.00557 5.82479 4.91931 -1.42030 -6.70516 3.79847 1.68975 
Tyr168 CG -4.31159 4.07747 0.24848 3.98533 4.15755 -0.57267 -4.76240 3.51614 0.81433 
Tyr168 CD1 -4.90569 3.20030 -0.67323 4.54755 3.11848 0.18353 -5.14610 2.41701 -0.01049 
Tyr168 HD1 -5.94427 3.35074 -0.95710 5.62025 3.10602 0.35782 -6.20118 2.19467 -0.13080 
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  neutral, flipped positive neutral 
residue atom X y z x y z x y z 

Tyr168 CD2 -2.97634 3.83872 0.59448 2.60182 4.13877 -0.78095 -3.37195 3.81219 0.96178 
Tyr168 HD2 -2.48625 4.49036 1.31372 2.13912 4.92727 -1.36878 -3.07949 4.64973 1.58634 
Tyr168 CE1 -4.19594 2.14911 -1.24769 3.76041 2.11124 0.73537 -4.20666 1.65463 -0.65143 
Tyr168 HE1 -4.66207 1.49153 -1.97480 4.19820 1.32895 1.34760 -4.47924 0.82674 -1.29612 
Tyr168 CE2 -2.24886 2.78174 0.03524 1.79659 3.13229 -0.24386 -2.41304 3.06736 0.32706 
Tyr168 HE2 -1.21079 2.62162 0.31717 0.72241 3.14354 -0.40541 -1.35874 3.29745 0.43231 
Tyr168 CZ -2.85211 1.94073 -0.91008 2.37532 2.12170 0.53333 -2.81117 1.96196 -0.49968 
Tyr168 OH -2.19885 0.89636 -1.50544 1.63925 1.11552 1.10148 -1.96097 1.21769 -1.14208 
Tyr168 HH -1.22169 1.01003 -1.47009 0.69353 1.36447 1.18074 -0.92237 1.50019 -1.13513 
Copper CU -0.87737 -1.71927 0.68548 0.98200 -1.53333 -0.38304 -0.62300 -1.91951 0.49636 
Oxygen O1 3.39169 -2.29823 -3.12227 -2.42843 -2.15822 1.92860 3.70441 -3.17427 -2.52793 
Oxygen O2 3.09489 -2.83528 -2.07394 -3.05499 -2.66702 0.86975 3.33494 -2.74898 -1.45269 
Water1 O 0.28036 -1.71539 -1.04726 -0.07129 -1.43325 1.30540 0.56146 -1.19844 -1.09107 
Water1 H 0.50046 -0.79102 -1.34916 -0.88134 -1.98661 1.51622 1.43170 -1.60305 -1.22428 
Water1 H 1.06738 -2.26390 -1.16686 -0.41069 -0.51494 1.41487 0.69705 -0.22598 -1.09633 
Water2 O 0.02505 -3.50609 1.67091 0.39729 -3.61060 -1.32105 0.18889 -3.98010 0.78455 
Water2 H 0.57356 -3.43619 2.46425 0.06381 -3.87069 -2.19027 0.32901 -4.45523 1.61552 
Water2 H -0.43397 -4.35538 1.72701 0.82783 -4.39618 -0.95790 -0.17410 -4.63748 0.17362 
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Figure S6.  Superposition of copper–dioxo model (PDB 5TKH) with PDB 5ACJ and 
5ACI.  The active site of NCS molecule A from model 5TKH is shown in green with 
corresponding residues and substrates from 5ACJ and 5ACI shown in orange and 
purple, respectively.  Non-hydrogen protein atoms were superimposed with RMSD = 
0.25 Å (5THK–5ACJ) and RMSD = 0.29 Å (5TKH–5ACI).   
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Figure S7.  X-ray fluorescence scan of a NcPMO-2 crystal near the copper K-edge.  

The center of the absorption edge is near 8984 eV which is indicative of a copper(I) 

species. 


